
NASA TECHNICAL 
MEMORANDUM 

NASA TM X-53120 

AUGUST 13, 1964 

- - -- 
(NASA-TH-X-53120) FINAL PREDICTED- N74-732 12 

! T B 8 3 E C t O R Y  AND DISPBBSIOY STUDY FOB 
SATURN 1 VEHICLE SA-7 ( N A S A )  54 p I mb 

unclad 
0 ,  

- -- 

00/99 35254 
5 7 - 

IIHRUI 
ec) 

1 i IPAOES) (CODE) I 

(NASA CR OR TMX OR AD NUMaER) 
(ULTEQO~YB i 

-FINAL PREDICTED TRAJECTORY AND DISPERSION 

STUDY FOR SATURN I VEHICLE SA-q 
by JERRY D. WEILER AND ONICE M. HARDAGE, JR. 

Aero-Astrodynamics Laboratory 

CATION CIUNGE 

-.- 

George C. Mdrshdll 
Spdce Flight Center, 



SECURITY NOTE 

on affecting the nu- 
ithin the meaning of the 
ectbn 793 and 794, as 



TECHMCAL MEMORANDUM X-5 3 120 

FINAL PREDICTED TRAJECTORY AND DISPERSION STUDY 
FOR SATURN I VEHICLE SA-7 

Jerry D. Weiler and Onice M. Hardage, Jr. 

George C. Marshall Space Fl ight  Center 
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ABSTRACT 

This repor t  presents the  f i n a l  predicted standard t ra jec tory  and 
dispersion analysis  fo r  Saturn I vehicle SA-7 to 'be  flown over t he  
At lant ic  Missi le Range. The nominal impact area of the  S-I  booster 
and the  recoverable camera capsules i s  presented,along with a  discussion 
of the  t r a j ec to ry  shaping and a  descr ipt ion of the  vehicle configura- 
t i o n .  

The nominal t ra jec tory  w i l l  i n s e r t  the  S-IV s tage and payload i n t o  
a  near-circular  o rb i t  with a  perigee and apogee of 182 km and 229 km 
a l t i t u d e ,  respectively.  The nominal l i f e t ime  of the  o rb i t  i s  3.2 days,. 
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FOR SATURN I VEHICLE SA-7 

The Sa turn  I veh ic l e  SA-7 t r a j e c t o r y  is  shaped f o r  o r b i t a l  i n s e r t i o n  
a t  185.5 k m  (100 n.m.) wi th  a  v e l o c i t y  13 m/sec i n  excess of t h e  l o c a l  
c i r c u l a r  v e l o c i t y .  This approximates t h e  e a r t h  parking o r b i t  t o  be  used 
i n  lunar  miss ions .  

The S - I  s t a g e  p i t c h  program i s  shaped t o  minimize angle  of a t t a c k  
through t h e  h igh  dynamic pressure  r eg ion  under a  non-wind cond i t i on .  
Although t h e  expected launch da t e  i s  mid-September, launch da t e s  through 
the  end of October w i l l  be permiss ib le  under 30 wind condi t ions  wi thout  
p i t ch  program reshaping.  The S- . I .s tage p i t c h  program i s  implemented by 
means of a  t ime func t ion  polynomial. The S-IV s t age  is  closed-loop 
guided by means of t h e  minimax adapt ive  guidance mode i n  t h e  p i t c h  plane 
and d e l t a  minimum mode i n  c ross range .  

The v e h i c l e  w i l l  be  propel led t o  an a l t i t u d e  of 7 1  km by t h e  S - I  
s t a g e  b o o s t e r ,  where a  s i n g l e  plane s e p a r a t i o n  between t h e  S - I  and S-IV 
s t ages  w i l l  occur .  After  approximately 2  seconds of u l l a g e  rocke t  oper- 
a t i o n ,  the  S-IV mainstage w i l l  i g n i t e  and burn cont inuously u n t i l  619 
seconds a f t e r  l i f t - o f f ,  r e s u l t i n g  i n  t h e  cu to f f  condi t ions of 7806 m/sec 
v e l o c i t y ,  89.954 degrees path angle  (down from l o c a l  v e r t i c a l )  and 
185.53 k i lometers  a l t i t u d e .  

O r b i t a l  i n s e r t i o n  time i s  def ined  t o  be 10 seconds a f t e r  guidance 
computer cu to f f  s i g n a l .  This i s  deemed s u f f i c i e n t  t o  allow complete 
S-IV mainstage t h r u s t  decay. The combined S-IV s t a g e ,  instrument  u n i t ,  
and payload w i l l  have i n i t i a l  per igee  and apogee a l t i t u d e s  of 182 and 
229 km, r e s p e c t i v e l y ,  when re ferenced  t o  a  s p h e r i c a l  e a r t h  of r ad ius  
6378 km. Nominal o r b i t a l  l i f e t i m e  i s  3 .2  days. 

Twenty-five seconds a f t e r  s e p a r a t i o n  t h e  camera capsules  w i l l  be 
e j ec t ed  from t h e  S - I  s t a g e .  The nominal impact a r ea  of t he  capsules  i s  
26.2619 degrees North geodet ic  l a t i t u d e  and 72.6130 degrees West longi -  
tude. This i s  825.5 lun downrange. 

A two-sigma guidance scheme envelope i s  generated by applying two- 
sigma pe r tu rba t ions  independently t o  each s t a g e  of t he  nominal p r o f i l e  
and roo t  -sum-s quaring the  r e s u l t i n g  d i spe r s  Sons, 



S E C T I O N  I. I N T R O D U C T I O N  

The primary o b j e c t i v e  of t h e  Block 11 SA-7 v e h i c l e  t e s t  f l i g h t  i s  
t o  prove t h e  i n t e g r i t y  of t h e  propulsion,  s t r u c t u r a l ,  guidance, and 
f l i g h t  c o n t r o l  system opera t ing  a s  a  two s t a g e  Sa turn  I launch v e h i c l e  
system. 

The SA-7 veh ic l e  c o n s i s t s  of t h e  S - I  and S-IV l i v e  s t a g e s ,  an i n s t r u -  
ment u n i t ,  and an Apollo b o i l e r p l a t e  payload (Figure 1 ) .  

The S - I  s t a g e  has e i g h t  H - 1  engines ,  which have a  nominal s e a  l e v e l  
t h r u s t  va lue  of 836,000 newtons (188,000 l b f )  each and burn high-grade 
kerosene and l i q u i d  oxygen a s  p rope l l an t .  

The S-IV second s t a g e  i s  a  l iquid-hydrogen liquid-oxygen propuls ion  
system, genera t ing  t h r u s t  through s i x  c o n c e n t r i c a l l y  l oca t ed  RL-1OA3 
engines,  which w i l l  propel  t h e  S-IV s t a g e  wi th  a  t o t a l  t h r u s t  of 400,000 
newtons (90,000 l b f )  under vacuum condi t ions .  The i n t e r s t a g e  a c t s  a s  a  
suppor t ing  s t r u c t u r e  and an aerodynamic f a i r i n g  f o r  t h e  mating of t h e  
S- I  and S-IV s t a g e s .  A s i n g l e  plane sepa ra t ion  mode w i l l  be  employed. 

The instrument  u n i t  i s  loca ted  j u s t  forward of S-IV s t a g e  and a f t  
of t h e  Apollo payload. The I . U .  provides an environmentally condi t ioned  
compartment t o  house e l e c t r o n i c  equipment such a s  guidance and c o n t r o l ,  
t e lemet ry ,  e l e c t r i c a l  power sou rces ,  e t c .  

The Apollo b o i l e r p l a t e  payload c o n s i s t s  of a  s p a c e c r a f t  adap te r ,  a  
s e r v i c e  module, a  command module, and a  launch escape system. The 
b o i l e r p l a t e  w i l l  b e  used t o  determine t h e  launch and e x i t  environmental 
parameters and t o  t e s t  t h e  launch escape system's  s t r u c t u r a l  and j e t t i s o n  
c h a r a c t e r i s t i c s .  The launch escape and p i t c h  motors w i l l  b e  u t i l i z e d  
f o r  launch escape system j e t t i s o n .  

The cu r ren t  launch schedule c a l l s  f o r  a  mid-September launch d a t e  
from t h e  A t l a n t i c  Mis s i l e  Range f a c i l i t i e s ,  Complex 37, Pad B .  Launch 
azimuth i s  90 degrees Eas t  -of -North. 

A t  p i t c h  tilt i n i t i a t i o n  t h e  v e h i c l e  w i l l  s imultaneously begin  a  15 
degree r o i l  maneuver s o  a s  t o  become a l igned  wi th  t h e  105 degree East-of-  
North f l i g h t  plane azimuth. The boos ter  s t a g e  p i t c h  program i s  shaped t o  
minimize t h e  angle of a t t a c k  during t h e  period of h ighes t  dynamic 
p re s su re .  There i s  no b i a s  f o r  wind. The second s t a g e  guidance w i l l  be  
implemented by a  minimax adapt ive  guidance polynomial i n  t h e  p i t c h  plane. 
Crossrange guidance i s  predica ted  upon minimization of t h e  f i r s t  and 
second i n t e g r a l  of t h e  i n e r t i a l  c ross range  a c c e l e r a t i o n ,  

- 
~nfor rna t ion  concerning o r b i t a l  l i f e t i m e ,  d e b r i s ,  e t e . ,  i s  con t r ibu ted  

by t he  Operations Studies Branch,  R-AERO-FO. 

CONFIDENTIAL, 
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SECTION 11. DESCRIPTION 

The f l i g h t  mechanical mission f o r  t h i s  v e h i c l e  i s  a  n e a r - c i r c u l a r  
185 km (100 n.m.) o r b i t .  A s l i g h t l y  supe r -c i r cu l a r  cu to f f  v e l o c i t y  of 
7806 m/sec i s  s e l e c t e d  i n  order  t o  i n s u r e  a g a i n s t  hardware o r  scheme 
malfunctions r e s u l t i n g  i n  sub -c i r cu la r  i n s e r t i o n  condi t ions .  

The nominal p r o f i l e  and o r b i t a l  parameters r e f l e c t  t h e  f i n a l  pre- 
d i c t e d  v e h i c l e  c h a r a c t e r i s t i c s ,  inc luding  S-IV s t a g e  t h r u s t  decay 
(References 1 and 2 ) .  Nominal opera t ion  of a l l  v e h i c l e  and f l i g h t  
suppor t ing  components i s  assumed, wi th  t h e  except ion  t h a t  t h e  S-IV 
s t a g e  Propel lan t  U t i l i z a t i o n  System i s  assumed t o  ope ra t e  non-optimally 
by a  2omagnitude (Reference 3 ) .  Two-sigma P rope l l an t  U t i l i z a t i o n  
System ope ra t ion  w i l l  permit 151 kg (333 lbm) of otherwise usable  LOX 
o r  LH2 t o  remain onboard i f  p ropel lan t  dep le t ion  of  t h i s  s t a g e  occurs .  

The Pad 37B launch f a c i l i t y  i s  cons t ruc ted  f o r  v e h i c l e  launch on a  
90 degree East-of-North azimuth. The r e sea rch  and development na tu re  
of t h i s  f l i g h t  r e q u i r e s  t he  t racking  f a c i l i t i e s  a v a i l a b l e  along t h e  105 
degree East-of-North f l i g h t  azimuth. The ST-124 s t d b i l i z e d  p la t form i s  
a l igned  along t h i s  105-degree azimuth. The SA-7 v e h i c l e  w i l l  r i s e  v e r t i -  
c a l l y  f o r  10 seconds i n  order  t o  c l e a r  t h e  launch f a c i l i t i e s  and then 
s imultaneously begin i t s  p i t c h  program and r o l l  maneuver. The r o l l  r a t e  
w i l l  be  nominally 1 degree per second (Reference 4 )  and w i l l  b r i n g  
Fins I and 111 i n t o  t h e  f l i g h t  plane.  Previous ly ,  t h e  ST-90 s t a b i l i z e d  
platform system was incapable  of t h i s  commanded combination p i t c h  and 
r o l l  motion, and v e h i c l e s  SA-5 and SA-6 were forced  t o  complete t h e i r  
r o l l  maneuver p r i o r  t o  p i t c h  t i l t i n g .  

The S - I  boost  s t a g e  p i t c h  program i s  shaped t o  provide maximum 
f l i g h t  performance r e s e r v e  p rope l l an t  a t  S-IV s t a g e  cu to f f  whi le  mini- 
mizing aerodynamic moments during t h e  peak dynamic pressure  reg ion  and 
a t  s epa ra t ion .  This program i s  implemented on board t h e  veh ic l e  a s  a  
time func t ion  polynomial. Based on 3 o w i n d  l i m i t a t i o n s  (Reference 5 ) ,  
no reshaping w i l l  b e  necessary f o r  launch da t e s  through October. A 
tilt a r r e s t  angle  of 67 degrees i s  programmed a t  136 seconds a f t e r  l i f t -  
o f f  t o  i n s u r e  ample t ime f o r  damping var ious  t r a n s i e n t  motions i n  order  
t o  avoid premature cu to f f  and sepa ra t ion  sequencing due t o  p rope l l an t  
s lo sh ing .  The s e p a r a t i o n  sequence of events  i s  commanded from a t imer ,  
which i s ' i n i t i a t e d  by p rope l l an t  l e v e l  s enso r s  (Reference 6 ) .  The S-IV 
s t a g e  minimax adapt ive  guidance polynomial (Table 1 )  i s  der ived from a 
t r a j e c t o r y  volume generated about a  nominal p r o f i l e  having 7806 m / s  
v e l o c i t y ,  90 deg pa th  angle ,  and 185.2 km a l t i t u d e  end cond i t i ons ,  and 
which i s  optimized by t h e  v a r i a t i o n a l  ca l cu lus  method. This polynomial 
generates  t h e  a t t i t u d e  command from t h e  s t a t e  v a r i a b l e s  and i s  i d e n t i c a l  
t o  the  one employed on vehic le  SA-6, The e n t i r e  nominal p i t ch  program 
i s  graphica l ly  presented i n  Figure 2 and presented t o  the  i n s t a n t  of 



guidance i n i t i a t i o n  i n  d e t a i l e d  t a b u l a r  form i n  Table 2 .  The o r i e n t a -  
t i o n  r e f e r e n c e ' o f  t h e  v e h i c l e  p i t c h  program i s  a  space-f ixed v e r t i c a l ,  
def ined a t  t h e  i n s t a n t  of launch,  P i t ch  t i l t i n g  takes p lace  about an 
a x i s  normal t o  t h e  space-f ixed p lane ,  conta in ing  t h e  space-f ixed v e r t i -  
c a l  r e f e rence  l i n e  and t h e  downrange d i r e c t i o n  a t  launch. The crossrange  
guidance employs t h e  d e l t a  minimum p r i n c i p l e ,  guiding on f i r s t  and 
second i n t e g r a l s  of t h e  i n e r t i a l  accelerometers .  The S-IV s t a g e  guidance 
loop f o r  bo th  p i t c h  and crossrange  i s  c losed  18 seconds a f t e r  S - I  s t a g e  
outboard c u t o f f .  

A combination of 8  onboard movie cameras w i l l  view p rope l l an t  l e v e l  
behavior i n  t h e  S- I  s t a g e ,  a s  w e l l  a s  s e v e r a l  a spec t s  of s t a g e  sepa ra -  
t i o n .  These cameras a r e  mounted on t h e  S - I  s t a g e  and w i l l  be  e j e c t e d  
25 seconds a f t e r  s t a g e  sepa ra t ion .  

The Launch Escape System (LES) and u l l a g e  rocket  casings w i l l  be  
j e t t i s o n e d  from t h e  S-IV s t a g e  12 seconds a f t e r  s t a g e  s e p a r a t i o n .  The 
LES w i l l  f i r e  t h e  launch escape and p i t c h  motors. 

The major events  sequence i s  presented i n  Table 3 ,  

The d i spe r s ions  r e s u l t i n g  from guidance scheme e r r o r s  were obta ined  
by applying t h e  fol lowing 2 0  pe r tu rba t ion  magnitudes t o  t h e  nominal pro- 
f i l e  : 

A .  S - I  Stage 
1. Non-Propellant Mass + 167 kg (369 lbm) 
2. Propel lan t  Loading Mass - 938 kg (-2068 lbm) 
3. Thrust and Flow Rate ( I  = Constant)  - 1 % 
4. Flow Rate s P + 1 % 
5 .  Thrust Misalignment .37 deg 
6 .  Mixture Rat io  S h i f t  - .528 % 
7 .  Longitudinal  Drag Coef f i c i en t  + 10 % 
8 .  Headwind 
9 .  Tailwind 

10.  Le f t  Cross Wind 
11. Right Cross Wind 

B .  S-IV Stage 
1. Non-Propellant Mass + 37 kg (81  lbm) 
2 .  Propel lan t  Loading Mass - 605 kg (-1333 lbm) 
3 .  Thrust and Flow Rate ( I  = Constant)  - 0.5 % 
4 ,  Flow Rate s  P C 0,5 % 
5- Thrust Misalignment -41  deg 
6 .  Mixture Rat io -t- 8 ,5  % 



The t h r u s t  misalignments a r e  appl ied  normal t o  t h e  f l i g h t  plane f o r  
both s t a g e s .  Appl ica t ion  of a  t h r u s t  vec tor  mi-salignment c o r r e c t i o n  
program (Reference 7 )  i n  t h e  f l i g h t  plane during t h e  S - I V  s t a g e  mini- 
mizes devia t ions  i n  t h i s  plane due t o  c .g .  o f f s e t s  and t h r u s t  misal ign-  
ment. This method i s  no t  appl ied  i n  t h e  crossrange d i r e c t i o n  on SA-7. 

A l l  pe r tu rba t ions ,  w i th  t h e  except ion of t h e  wind c a s e s ,  w i l l  r e s u l t  
i n  approximately symmetric devia t ions  about t h e  nominal when appl ied  i n  a  
"plus and minus" f a sh ion .  The pe r tu rba t ions  a r e  t h e r e f o r e  only appl ied  
i n  a  manner which w i l l  r e s u l t  i n  a  decrement i n  t h e  r e s i d u a l  usable  pro- 
p e l l a n t s .  The root-sum-square values a r e  computed us ing  t h e  symmetric- 
type pe r tu rba t ion  r e s u l t s ,  both p o s i t i v e l y  and nega t ive ly ,  i n  conjunct ion 
wi th  r e s u l t s  of t he  non-symmetric pe r tu rba t ions .  

P o s i t i v e  RSS = Negative RSS = + / X x  

P o s i t i v e  RSS + Negative RSS 
RSS = 

2 , 

where AP = ( v a r i a t i o n  va lue )  - (s tandard va lue )  

Resul ts  obtained from t h e  app l i ca t ion  of t h e  var ious  pe r tu rba t ions  
a r e  used t o  compute performance p a r t i a l  d e r i v a t i v e s .  These " p a r t i a l s "  
a r e  an at tempt  t o  i n d i c a t e  t he  performance behavior of t h i s  v e h i c l e  and 
caut ion  as  t o  t h e i r  a r e a  of a p p l i c a b i l i t y  must be exerc ised .  

Averaged t h r u s t ,  flow r a t e ,  and s p e c i f i c  impulse informat ion  f o r  
each s t a g e  i s  presented i n  t h e  Appendix f o r  f l i g h t  eva lua t ion  purposes.  



A. POWERED FLIGHT 

A d e t a i l e d  p re sen ta t ion  of t he  predic ted  nominal t r a j e c t o r y  para- 
meters i s  presented i n  Tables 4A through 8B. Important po in ts  through 
t h e  f l i g h t  h i s t o r y  a r e  denoted. The t r a j e c t o r y  d a t a  a r e  presented i n  
f i v e  s e c t i o n s :  (1 )  S- I  s t a g e  boost  f l i g h t ;  (2 )  S-IV s t a g e  u l l a g e  rocke t  
ope ra t ion  a f t e r  s epa ra t ion  bu t  p r i o r  t o  mainstage i g n i t i o n ;  ( 3 )  S-IV 
mainstage opera t ion ;  (4 )  S - I  s t a g e  pos t - separa t ion  r e t ro - rocke t  opera- 
t i o n ;  and (5)  S - I  s t a g e  b a l l i s t i c  f l i g h t  t o  impact. A g raphic  presenta-  
t i o n  of t h e  nominal p r o f i l e  i s  presented i n  Figure 3 .  

The nominal t r a j e c t o r y  p re sen ta t ion  and guidance scheme d i spe r s ions  
do not  r e f l e c t  e f f e c t s  of hardware dev ia t ions  c h a r a c t e r i s t i c  of t h i s  
veh ic l e .  However, t h e  o r b i t a l  i n s e r t i o n  and nominal l i f e t i m e  cha rac t e r -  
i s t i c s  ( s e e  B y  O r b i t a l  F l i g h t )  r e f l e c t  known accelerometer  non- 
o r thogona l i t i e s  (Reference 8 )  and guidance computer s i g n a l  de lay  t o  t h e  
p rope l l an t  va lve  so lenoids  (.022 seconds) .  The supe rpos i t i on  of t hese  
two devia t ions  r e s u l t s i n  t h e  fol lowing increments:  (1) +0.1 mlsec 
v e l o c i t y ;  (2 )  +.017 degrees v e l o c i t y  vec tor  e l e v a t i o n  above t h e  horizon;  
and ( 3 )  +240 m r a d i a l  pos i t i on .  The v e l o c i t y  accumulation during S-IV 
t h r u s t  decay i s  1.57 m/sec. The platform l e v e l i n g  has a  pred ic ted  3 0  
unce r t a in ty  of 118 a r c  seconds, r e s u l t i n g  i n  approximately 21 meter /  
second v e l o c i t y  unce r t a in ty .  The a c t u a l  l eve l ing  p o s i t i o n  cannot be 
a sce r t a ined  u n t i l  immediately p r i o r  t o  l i f t - o f f , a n d  i t s  e f f e c t  i s  the re -  
f o r e  not  included i n  t h e s e  r e s u l t s .  Incorpora t ion  of t h e  a v a i l a b l e  
dev ia t ions  r e s u l t s i n  a  pred ic ted  nominal cu to f f  v e l o c i t y  of 7806.10 
m/sec and i n s e r t i o n  v e l o c i t y  of 7807.67 m/sec witti a  +1 m/sec 3 0  uncer- 
t a i n t y .  

The d i spe r s ions  presented i n  Tables 9A through 1 1 B  a r e  scheme e r r o r s  
a s soc i a t ed  wi th  t h e  open-loop guidance system employed i n  t h e  S - I  s t a g e .  
The d i spe r s ions  presented i n  Tables 12A through 16 a r e  scheme e r r o r s  
a s soc i a t ed  wi th  t h e  minimax adapt ive  polynomial employed on t h e  S-IV 
s t a g e .  P a r t i a l  d e r i v a t i v e s  of s e v e r a l  s t a t e  parameters,  wi th  r e spec t  t o  
t h e  per turb ing  parameters app l i cab le  t o  S - I  outboard cu to f f  and S-IV 
c u t o f f / i n s e r t i o n ,  a r e  presented i n  Tables 1 7  and 18. These p a r t i a l s  a r e  
not  i n d i c a t i v e  of hardware unce r t a in ty  e f f e c t s  bu t  r e f l e c t  only t h e  
guidance scheme e r r o r s .  

The 20 impact d i spe r s ion  f o r  t h e  separa ted  S - I  boos te r  i s  g raphi -  
c a l l y  presented i n  Figure 4 .  The nominal boos ter  impact p o s i t i o n  i s  
825.1 krn downrange a t  26.2631 North geodet ic  l a t i t u d e  and 72.6164 West 
longi tude ,  Superimposed i s  t h e  nominal impact p o s i t i o n  of t he  camera 
pvds. The camera pod nominal impact and d i spe r s ion  a r e e s s e n t i a l l y  
i d e n t i c a l  t o  t h a t  of the  boos t e r .  



B. ORBITAL FLIGHT 

The nominal l i f e t i m e  of Sb-7  f s  3 .2  1 0 . 2  days (49 + 3 e a r t h  revolu-  
t i o n s ) .  The quoted l i f e t i m e  unce r t a in ty  (2 3 e a r t h  r e v o l u t i o n s )  cons iders  
only t h e  RSS d i spe r s ion  due t o  v e h i c l e  performance dev ia t ions  and t h e  
unce r t a in ty  i n  t h e  dens i ty  p r o f i l e  p red ic t ion ,  and does not  i nco rpora t e  
random guidance hardware u n c e r t a i n t i e s .  The nominal l i f e t i m e  inc ludes  
t h e  e f f e c t s  of known guidance hardware devia t ions  ou t l i ned  i n  t h e  Powered 
F l i g h t  d i scuss ion .  Figure 5  is  a  ground p ro j ec t ing  p l o t  showing t h e  
locus of t h e  SA-7 nominal o r b i t a l  r e - en t ry .  The nominal r e - e n t r y  o r b i t  
( e a r t h  r evo lu t ion  49) i s  denoted by t h e  heavy dark l i n e .  Also shown a r e  
t h e  t h r e e  r evo lu t ions  p r i o r  t o  and a f t e r  t h e  nominal r e - e n t r y  o r b i t .  

The l i f e t i m e  was defined by i n t e g r a t i n g  t h e  o r b i t  t o  impact us ing  
t h e  nominal i n s e r t i o n  condi t ions  and t h e  following b a l l i s t i c  parameters 
f o r  a  tumbling v e h i c l e .  

%A 174.0 m 
2 

Post Venting O r b i t a l  Mass 16430 kg 
B a l l i s t i c  Coe f f i c i en t  (CDA/M) 0.01058 m /kg 

The atmosphere assumed i n  t h e  drag model was t h e  1959 ARDC m u l t i p l i e d  
by a  f a c t o r  of 0.64. This adjustment f a c t o r  was determined empi r i ca l ly  
from t h e  observed decay h i s t o r i e s  of t h e  SA-5, SA-6, and GT-1 f l i g h t s ,  
and i s  t h e  r a t i o  of t h e  observed drag t o  t h a t  pred ic ted  using t h e  1959 
ARDC atmosphere. This f a c t o r  a d j u s t s  f o r  v a r i a t i o n s  of a c t u a l  from 
assumed va lues  of drag c o e f f i c i e n t ,  v e h i c l e  a t t i t u d e ,  and atmospheric 
dens i ty .  The o r b i t a l  vent ing  conf igu ra t ion  has been modified on SA-7, 
and t h e r e  i s  a  poss ib l e  change i n  a t t i t u d e  c h a r a c t e r i s t i c s  from t h a t  
experienced on SA-5 and SA-6. 

The nominal i n i t i a l  decay r a t e  of t h e  o r b i t  i s  approximately 14 km/ 
day i n  apogee a l t i t u d e  and 8 km/day i n  per igee  a l t i t u d e .  



I. ORBITAL INSERTION C 

1. I n s e r t i o n  Cond i t ions  (S-TV C.O.  + 10 s e c )  

Time (F.T. s e c )  
Space-fixed v e l o c i t y  (m/s) 
Elevat ion of space-f ixed v e l o c i t y  (deg) 
Azimuth of space-f ixed v e l o c i t y  (deg from 
Al t i t ude  from e a r t h  c e n t e r  (km) 
Geocentric l a t i t u d e  (deg)  
Longitude (deg Eas t )  
Excess c i r c u l a r  v e l o c i t y  (m/s) 
Ground range (km) 

628.968 
7807.67 

0.066 
North) 113.950 

6561.05 
21.509 

299.348 
13.2 

2145.381 

2. O r b i t a l  Elements* 

Apogee altitudes+:+: (km) 228.92 
Perigee altitude+:;? (km) 181.65 
Anomalistic per iod (min) 88.60 
Semi-major ax i s  (km) 6583.45 
E c c e n t r i c i t y  0.0036 
I n c l i n a t i o n  (deg) 31.761 
Longitude of ascending node (deg E a s t )  158.885 
Argument of per igee  (deg) 117 . I 7 1  
True anomaly a t  i n s e r t i o n  (deg) 18.677 
Regression r a t e  of node (deglday) -8.0 
Rate of change of argument of per igee  (deglday) 12.0 

11. LIFETIME CHARACTERISTICS 

Nominal Lifet ime (days ) 3.2  
Lifet ime dev ia t ion  due t o  l o  v e h i c l e  performance 

devia t ions  and dens i ty  unce r t a in ty  (days)  k0.2 
B a l l i s t i c  parameters f o r  tumbling veh ic l e :  

174.0 m 
2 

C ~ A  Post vent ing o r b i t a l  mass 16430 kg 
B a l l i s t i c  c o e f f i c i e n t  (cDA/M) 0.01058 m2/ks 

+ : Iner t ia l  o r i e n t a t i o n  of e a r t h  a t  i n s e r t i o n  i s  a t  0 .0  h r  U.T. and 
s i d e r e a l  time i s  zero f o r  s i m p l i c i t y .  

;?+:Apogee and perigee a l t i t u d e s  a r e  re ferenced  t o  s p h e r i c a l  e a r t h  of 
r ad ius  6378.165 km. 



PEDICTED VEHICLE C TERISTICS FOR 
& T I G H T  EVALUATION COMFARISON 

S - I  STAGE 

Fvs 1 
= Average v e h i c l e  l ong i tud ina l  t h r u s t ,  reduced t o  s e a  l e v e l  

conditions$? 

= 6,730,639 N (1,513,108 l b )  

Mv 
= Average v e h i c l e  flow r a t e  

ISPvsi = Average v e h i c l e  l ong i tud ina l  s p e c i f i c  impulse,  reduced t o  
s e a  l e v e l  condi t ions  . 

S- I V  STAGE 

Fwl 
= Average veh ic l e  l ong i tud ina l  vacuum thrust9:f: 

I S P V V l  
= Average veh ic l e  l ong i tud ina l  vacuum s p e c i f i c  impulse 

= 428.9 s e c  

;?Predicted vacuum t h r u s t  values a r e  computed and then averaged us ing  2 
second increments from l i f t - o f f  t o  140 second f l i g h t  time. The average 
i s  then reduced t o  approximately sea  l e v e l  by applying atmospheric 
pressure  = 101,525 n/m2 over each of t he  engine e z i t  a r e a s .  

.,-.t. dbc.Predicted t h r u s t  values a r e  averaged i n  i n ~ r e r n e n t s ~ o f  10 seconds,  
beginning 10 seconds a f t e r  S-IV i g n i t i o n  and terminat ing 480 seconds 
a f t e r  i g n i t i o n .  

J-d* .*- -d~dbFlow r a t e  i s  determined from mass lo s s  between LES and u l l age  cases  
j e t t i s o n  t o  S-IV cutof f  divided by the  corresponding period of t ime,  
Flow r a i e s  do not r e f l ec t  LES and u l l a g e  case  masses, 



VARIABLE COEFFICIENT$: VARIABLE COEFFICIENT* 

A1 - .38819016 X 10'~ 
A1 8 .23911714 X 10-l6 

The S-IV s t a g e  t h r u s t  t e rmina t ion  s i g n a l  w i l l  occur when space-f ixed 
v e l o c i t y  reaches 7806.00 m/see. 

:<These c o e f f i c i e n t s  are s c a l e d ,  



'GABLE 2 

PITCH TILT PROGRAM FOR SATURN I VEHICLE SA-7 

F l i g h t  
Time 

(set> 

F l i g h t  
Time 

( d e g )  

F l i g h t  
Time 

( d e g )  (set) 

F l i g h t  
Time 

(set 1 

Adaptive Guidance 



Time of Event 
(From L i f t -Of f )  

TABLE 3 

N O X I N f i  SEQUENCE OF EVENTS 

Remarks 

L i f t  -Off 

I n i t i a t e  Rol l  and P i t ch  T i l t  

Terminate Ro l l  

S igna l  from Sequencer t o  Enable Level Sensors 

T i l t  Arres t  

S - I  Stage Level Sensor S igna l  

Inboard Cutoff (S- I  S tage)  

Outboard Cutoff (S-I  S tage)  

Ullage Rocket I g n i t i o n  (S-IV Stage)  

Separa t ion ,  Immediately Followed by Retro Rocket 
I g n i t i o n  (S- I  Stage)  

S-IV Mainstage I g n i t i o n  

J e t t i s o n  Ullage Rocket Casing and LES 

I n i t i a t e  Active Guidance 

E jec t ion  of Camera Capsules from Booster 

S igna l  from Sequencer t o  A r m  LOX Cutoff Capab i l i t y  

S-IV Stage Guidance Cutoff S igna l  

End of Powered F l i g h t  



TABLE 4A 
S-I  STAGE BOOST TRAJECTORY 

T IP'E G K a U N C  ALTITUDE 
DISTANCE 

[ i E - i l  ( K t v )  ( K P '  ) 

3 .0  -0.OC 0.0 3 
5 - 0  -0.00 0 .07  

10,o -0 .00  0 .21  
1 5 - 0  -0.00 0 .44  
26-0 0 .01  0.79 
25.5 0.02 1 . 2 6  
3 0 - 0  0.07 1 .87  
3 5 , s  0.16 2.67 
4C .O 0 - 3 3  3 .53  
L 5 - 0  0 .61  4.61 
50,O 1 .01  5.84 
55,O 1.56 7.25 
b C ,  0  2.28 8 .81  
6 5 - 0  3.2C 10.53  

(1) T3,O 4.36 12.41 
P5,O 5.79 14.46 
80.C 7.55 16.70 
85.3 9.68 19.14 
QO,O 12 .23  71 .75  
9 5 - 0  15.77 24.66 

103,O 18.84 77.76 
1 0 5 , o  23.01 3 1 - 1 1  
P i 0 . 0  27.82 34.71 
1 1 5 , 0  33 .35  38.58 
1 2 3 - 0  39.65 42.77 
125,O 46.8C 47.15 
130,O 54.30 51.86 
1 3 5 - 0  64.02 56.88 
143,O 74.3C 62.20  

(2)140.87  76 .21  63 .16  
1 4 1 - 9  78.45 64.28 ' (3 )146 .8 i  90.02 69.97 
1 4 6 - 9  9 0 , 1 @  69.99 

(4 )147 ,7  91 .94  70.83 

(1) Sigh q 
(2)  Inboard Cutoff 
( 3 )  Outboarcl Cutoff 
(I) Separation 

SPACE SPACE F I X f O  ACCELERAT I EN 
F I X E D  PATH ANGLt  V D 0 T  

V t L C C I T Y  EARTH-FIXED 
( P / S t C )  (DEG) (M/SEC SQ) 

MASS DYNAMIC 
PRtSSURE 

THRUST 

I N )  

MACH D R A G  



TABLE 4B 
S - I  STAGE BOOST TRAJECTORY 

T I M E  X X X E  Y Y Y E  
l : S E C )  ( K M )  I K M )  

E A R T H  I- I X E C  P A R A M E T E R S  

O X X E  D Y Y E  D Z Z E  V E L D C I T Y  
I M / S E C )  I P / S E C )  I M / S E C )  I M / S E C )  

P A T H  
A N G L E  
( C E G )  

(1) High q 
( 2 )  Inboard Cutoff  
( 3 )  Outboard Cutoff  
( 4 )  S e p a r a t i o n  



TABLE 5A 
S-IV STAGE ULLAGE TRAJECTORY 

T I V E  LRPUNC A L T I T U C E  S P A C E  S P A C E  F I X L D  A C C E L E R A T I  EN M A S S  D Y N A M I C  THRUST M A C H  D R A G  

L I S T A N C E  F I X E D  P A T H  ANGLt -  V D 0 T  P R E S S U R t  
V t C Z C I T Y  EARTH-FIXED 

I S k C E  ( K " )  ( K M )  ( V / S E C )  ( D E G )  ( P / S E C  S Q )  ( K G )  ( N / M  S Q I  ( N I  r n, 



TABLE 5B 
S - I V  STAGE ULLAGE TRAJECTORY 

E A R T H  F I X E D  PARAMETERS L B N G I T U D E  GEBD. L A T .  GEBC, C A T ,  
P A T H  t P 0 S I T I V E  ( P B S I T I V E  ( P C S B T S V E  

T B K E  X X X E  Y Y Y E  Z L Z E  D X X E  GYYE G Z Z E  V E L 0 C I T Y  ANGLE WEST)  N B R T H )  NBRTI-4) 
I S E C )  ( K M )  ( K M )  ( K M )  ( M / S E C )  ( C / S E C )  ( M / S E C )  ( M / S E C )  ( D E G )  ( D E G )  I D E G )  EDEG) 



TABLE 6A 
S-IV MAINSTAGE TRAJECTORY 

Mainstage I g n i t i o n  

S P A C E  SPACC F I X E D  
F I X E D  P A T H  A N G L i  

V L L E C I T Y  
( P / S t C )  (DEG ) 

A C C E C E R A T I  0N 
V D @ T  

EARTH-FIXED 
i l y / S E C  S P )  

M A S S  D Y N A M I C  T H R U S T  
P R E S S U R E  

MACH I 

I N )  



TABLE 6A (Continued) 
IV MAINSTAGE TRAJECTORY 

672.10 
690,31 
70R.6E 
727,24 
746.02 
765.01 
784-22 
803 -65 
1323.29 
843.17 
1363.27 
1183-61 
904-18 
925.0C 
940.06 
967.36 
988-92. 
1010.73 
1032.81 
1055.14 
1077,75 
1 LOO .6? 
1123.7e 
1147.22 
1170.94 
1194.96 
1219 -27 
1243.88 
1265.79 
1294.02 
1319.57 
1345 -44 
1371.63 
1398.16 
1425.04 
1452.25 
1479 .A? 
1507.76 
1536.05 
1564.72 

A L T I T U D E  

(Kt') 

197.27 
198.35 
199.35 
200.27 
201.11 
201.86 
202.54 
203.13 
203.66 
2C4.11 
204.48 
204.79 
205.0 3 
205.19 
2C5.30 
205.34 
205.32 
265.24 
205.10 
204.91 
204.66 
264.37 
204.02 
203.63 
203.20 
202.72 
202.21 
201.66 
201.07 
200.46 
199.01 
199.14 
198.45 
197.75 
197.07 
196.28 
195.54 
194.79 
194.0$ 
193.29 

SPACE SPACE F I X F D  
F  l X E D  P A T H  A N G L t  

V E L C C I T Y  
( M / S E C I  ( D E G  ) 

A C C E L E R A T I  ffiN 
V DOT 

EARTH- FIXED 
( P / S E C  S Q )  

MASS 

( KG 1 

43648 
43175 
42702 
42230 
41757 
41285 
40813 
40341 
39869 
39397 
38925 
38454 
37982 
37510 
37038 
36566 
36094 
35622 
35150 
34678 
34207 
33735 
33264 
32793 
32321 
31850 
31378 
30907 
30435 
29963 
29492 
29020 
28548 
28076 
27604 
27133 
26661 
26190 
25718 
25246 

D Y N A M I C  
P R E S S U R E  

( N / M  S Q )  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

T H R U S T  

( N  1 

398983 
398814 
398680 
398547 
398418 
398294 
398199 
398109 
398055 
398004 
397972 
397941 
397926 
397921 
397988 
398044 
398028 
397996 
397853 
397708 
397549 
397412 
397420 
397429 
397439 
397459 
397553 
397641 
397688 
397738 
397816 
397886 
397907 
39791 2 
397809 
397712 
397668 
397636 
397694 
397748 

MACH 

5.00 
5.04 
5.09 
5.14 
5.19 
5.24 
5.29 
5.35 
5.40 
5.46 
5.52 
5.58 
5.64 
5.71 
5.77 
5.84 
5.91 
5.98 
6.06 
6.13 
6.21 
6.28 
6.36 
6.45 
6.53 
6.61 
6.70 
6.79 
6.88 
6.98 
7.07 
7.17 
7.27 
7.37 
7.47 
7.58 
7.69 
7.80 
7.91 
8.03 

DRAG 

( N )  

c 
C 
0 
0 
C 
0 
0 
0 
0 
0 
0 
C 
C: 
0 
0 
0 
0 
0 
0 
C 
C 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
c 
0 
0 
C 
C 
0 
0 
0 



TABLE 6A (Continued) 
S-IV MAINSTAGE TRAJECTORY 

T I C E  6 R Q C h C  P L T I T U C E  S P P C E  
C I S T F h C E  F I X E C  

V E L  E C  I T Y  
ISEC)  ( K P )  I K P )  ( V I S E C )  

545,C 
S C C  ,C 
5 C 5 . C  
5 6 C  ,C 
5 6 5 - C  
5 7 c - C  

W 5 7 5 - C  
5 8 C - C  
5 @ 5 , C  
5 9 @ - C  
SS5,C 
C C C  ,C 
h C S , C  
61C-C 
6 1 5  ,C 

( 2 )  e-cs,c 
6 2 C - I  

(3)  1 . 2 5 - 1  
( 4 )  6 2 s - C  

(2) Thrust Termination Signal 
( 3 )  End of Thrust Decay 
( 4 )  Insertion 

S P P C E  F I X E C  
P A T H  A N G L E  

P C C E L E R P T I e h  
v c e T  

EARTH-FIXED 
I P / S E C  S S )  

C Y N A M  I C  
P R E S S U R E  



TABLE 6B 
S - I V  MAINSTAGE TRAJECTORY 

i i G E  X X X E  Y Y Y E  7 Z Z E  
( S F C  1 ( < P a )  ( K M )  (KM) 

E A R T H  F I X E D  PARAMETERS 

D X X E  CYYE D Z Z E  V E L O C I T Y  
( M / S F C )  (P , /SEC)  ( M / S E C )  ( M / S E C )  

P A T H  
ANGLE 
( D E G )  

L B N G I T U D E  
( P f l S I T I V E  

WEST) 
[ D t G )  

GEOD. L A T ,  
( P O S I T I V E  ( 

N B R T H  
( D E G I  

GEFIC. LAS, 
P 0 S I  TI VE 

NORTH 1 
( D E G )  

(1) S - I V  Mainstage Ign i t i on  



TABLE 6B (Continued) 
S- IV MAINSTAGE TRAJECTORY 

YYYE 
I K M )  

160.8 
159.9 
158.8 
157.5 
156.1 
154.6 
152. 8 
151.0 
148.9 
146.7 
144.3 
141.7 
139.0 
136.1 
133.0 
129.8 
116.3 
172.7 
119.0 
115.0 
110.9 
106.6 
102.1 
97.4 
92.6 
87.6 
82.3 
76. S 
71.3 
t 5 - 5  
5 9 . 5  
5 3 . 3  
47.6 
40.4 
33.6 
26.6 
19.4 
12.C 
4-4 

- 3 . 5  

Z Z Z E  
( K M )  

10.1 
10.5 
10.9 
11.3 
11.7 
12.2 
12.6 
13.1 
13.6 
14.0 
14.5 
15.0 
15.5 
16.0 
16.6 
17.1 
17.7 
18.2 
18.8 
19.4 
20.0 
20 -6 
21.2 
21.8 
22.4 
73.1 
23.8 
24.4 
25.1 
25.8 
26.5 
27.3 
2E.O 
if -7 
25.5 
3C.3 
3 1.1 
31.9 
32.7 
32.5 

E A R T H  F I X E C  PARAPETERS 

D X X E  CYYE D Z L E  V E L B C I T Y  
( P / S E C )  ( t J / S E C )  ( M / S E C )  I M / S E C )  

P A T H  
ANGLE 
( OEG) 

86 -48 
86.78 
87.07 
87.35 
87.62 
87.87 
88.12 
88.36 
88.59 
88.80 
89.01 
89.21 
89.40 
89.59 
89.76 
89.92 
90.08 
90.22 
90.36 
90.49 
90.61 
90.72 
90.83 
90.92 
91.01 
91.C9 
91.16 
91-22 
91.28 
91.22 
91.16 
91.4C 
91.42 
9 1.44 
91.45 
91.45 
91.45 
91.43 
91.41 
91.38 

L B N G I T U D E  
( P B S I T I V E  

WEST)  
( D E G )  

GEBD. LPT, GEOC, BAT, 
( P B S I T I V E  % P G ? S : I I V E  

NORTH ) IU0RT-I ) 
( D E G  1 (DEGQ 

26.7260 
26,6718 
26.6169 
26.5610 
26.5043 
26.4466 
26.3880 
26.3285 
26.2680 
26.2066 
26.1441 
26.0807 
26.0162 
25.9506 
25.8840 
25.8163 
25.7475 
25.6775 
25.6064 
25.5340 
25.4605 
25.3850 
25.3098 
25.2325 
25.1539 
25.0739 
24.9927' 
24. SIOC 
24.f255 
24.7404 
24.6533 
24.5648 
24.474e 
24.3831 
24.2899 
24.195C 
24.CSe4 
24.CC02 
23.9602 
23.7583 



S-IV 
TABLE 6B (Continued) 

MAINSTAGE TRAJECTORY 

T I " €  X X X E  Y Y Y F  7 Z Z E  
( S E C )  I K P )  ( K P )  ( K I )  

E P R T P  F I X E C  F A R P I E T E R S  

C X X  E C Y t E  C Z Z E  V E L Q C  I T Y  
[ F / S E C )  ( F / E E C )  ( P / S E C )  I P / S E C )  

L B N G  I T U O E  
I P D S I T I L E  

C E S T  
( O E G )  

G E B O .  L A T .  GEDC, Lb.7, 
( P B S I T I V E  $ P E S I F H L E  

NBR Tt .  ) P\CrWIF) 
( O E G ' I  ( O E G )  

(2) Thrust Termination Signal 
(3) End of Thrust Decay 
(4) Insertion 



T I P €  G R B L k C  P L T I T U C E  
C I S T b N C E  

. , 

( I )  Retro I g n i t i o n  
( 2 )  Retro E.T.D. 

S P A C E  
F I X E D  

V E L E C I T Y  
(C / S E C  

?C3?.cj 
?C3f2 .1  
3CiC.1 
?01C.@ 
?CCS.3 

TABLE 7A 
S - I  STAGE POST-SEPARATION RETRO TRAJECTORY 

S P A C E F I X E D  A C C E L E R A T I E h  M A S S  C Y N A M I C  T H R U S T  
P A T H  A N G L E  V  D E T  P R E S S U R E  

EARTH- FIXED 
( D E G  1 ( t ' /SEC S C )  ( K G )  ( N / M  S C )  ( N )  

M A C b  DRAG 



T I K E  XXXE Y Y Y E  
( S E C )  [ K Y )  ( K M )  

(1) Retro Ign i t i on  
( 2 )  Retro E.T.D. 

TABLE 7B 
S-I STAGE POST-SEPARATION mTRO TRAJECTORY 

E A R T H  F I X E C  PARACETERS 

Z Z Z E  D X X E  C Y Y E  O Z Z E  V E L D C I T Y  
( K H  ( P / S E C )  ( P / S E C )  ( M / S E C )  ( P / S E C )  

P A T H  
ANGLE 
( C E G )  

L B N G I T U D E  GEBD. LA?, G E B I L ,  L A T .  
( P B S I T I V E  ( P B S I T I V E  ( P B S I T I V E  

WEST)  N B R T H  I NBRTH 1 
( O E G )  ( D E G )  I I IEC-8  



TABLE 8A 
S - I  STAGE POST-SEPARATION FREE FLIGHT TIWECTORY 

T 1 " E  C R t L h C  DLTITUCE S P A C E  
I ISTbRCE F I X E D  

V t L P C I T Y  
ZSECl ( K P )  ( K P )  ( P / S E C )  

P5C,E 9 7 , 7 7  7 3 . 5 7  ?CCS.? 
253-C 1 C 4 , 5 S  7 6 . 7 7  2 9 5 F . 1  

(1) 173.C 151 .7C 46 .67  i 9 ? 1 . S  
193,C X9E,5C 1 1 3 . 2 8  i E 7 7 . 5  
213-C 2 4 5 . 0 5  126 .58  2 E ? 3 . 4  
733-C 2 9 1 , 4 C  1 3 6 . 5 7  2 7 5 9 . 9  
?5?,C 3 3 7 . 6 2  1 4 3 . 2 7  2 7 7 7 . 2  
173-C 3 8 ? . 7 t  2 4 6 . 6 e  2765 .6  
2 e 4 - 5  4 0 9 . 1 4  1 4 7 . 1 5  2 7 t 4 . C  
79l-C 4 2 9 - 8 7  1 4 6 . 8 C  2 7 6 5 . 1  
312.C 476 .G1  1 4 3 . 6 4  2 7 7 5 . 7  
333-C 5 2 2 - 2 3  137 .2C 2757 .4  
153 .0  5CR.55 2 2 7 . 4 6  2E?C.C 
7 7 ? , C  6 1 5 , 1 4  1 1 4 . 4 2  i E 7 3 . 1  
1 9 C - 8  6 5 6 - 8 4  1CO.OC i S F C . 3  
393-0 6 6 1 . 9 4  9 8 . 0 6  2926 .6  
413-C 709 .C4  7 8 . 3 8  24EF.7 
433 .C  7 5 6 - 3 1  55 .44  3C25.8 
4 5 ° C  ECC.15 ? 1 . 2 1  24'7.7 
47°C 82C.C7 1 8 . 2 6  F  93 .3  
493-C 8 2 3 . 7 7  1 3 . 9 8  53C.4 
513-C E24.7E 1 0 . 5 7  4 7 1 . 4  
53°C E25.CC 7 . 4 9  4'6.5 
553.C 8 2 5 . 1 2  4 - 6 7  4 3 6 . 5  
57'3,C P25 .14  2 .57  4 3 1 . 7  
593-0 8 2 5 . 1 5  0 . 5 1  4 i E . 8  

( 2 )  6 9 8 - 3  8 2 5 . 1 5  0.0C 4 2 e . 2  

(1) J e t t i s o n  Camera Capsu les  
( 2 )  T h e ~ r e t i c a l  B a l l i s t i c  Impact  

S P A C E  F I X t O  
P A T H  A h G L E  

EARTH-FIXED 
( r ' / S E C  S 6 )  

C Y K A M  I C  
P R E S S U R E  

(N/P S C )  

18 5 
1 1 4  

3  
0  
C 
0  
0  
C 
C 
0  
C 
C 
C 
0  
2  
2 

8 7  
2 0 4 2  

3 3 3 5 9  
1 5 7 9 0  

5 0 0  1 
5 4 4 9  
5 5 0 3  
5 4 7 3  
5 4 1 9  
5 3 7 C  
5 3 5 7  

MACE. DRAG 



TABLE 8B 
S-I STAGE POST-SEPARATION FREE FLIGHT TRAJECTORY 

T I P E  X X X E  Y Y Y E  Z Z Z E  
[51-C) I K V )  ( K M )  ( K P )  

150.1 $9.0 72.8 C.4 
i53.C 1C5.9 75.9 C. 5 

( I )  i7?,C 154.1 94.8 C.8 
143-C iCZ.1 110.1 1.2 
213.C i49.9 171.8 1.7 
233.0 297.6 129.8 2.2 
253.0 345.1 1?4.1 2.8 
27?.0 352.4 134.9 3.5 
284.C 418.4 133.7 3.9 
293.C 439.5 1?2.0 4.3 
313.C 4E6.4 175.5 5.1 
333.C 532.9 115.4 5.9 
353.C 579.2 lC1.6 6.8 
373-C 625.2 64.7 7.8 
39c .e  666.0 65.7 e.7 
393.0 670.9 63.2 e.8 
412.C 716.3 38.5 9.9 
433-C 761.1 10.3 11.0 
4'3,C EC1.9 -19.1 12.0 
473.C Ei0.l - 7 4 . 5  12.5 
493,C E23.2 -39.2 12.6 
517-C €23.8 -47.8 12.6 
53?.0 Ei3.6 -45.8 12.6 
551.0 ei3.4 -48.5 12.6 
571.0 Ei?.l -50.7 12.6 
5S3.C Ei2.P -52-8 12.6 

(2) 598.3 Ei2.8 -53.3 12.6 

(1) Jettison Camera Capsules 
(2) Theoretical Ballistic Impact 

E A R T H  F I X E C  F A R A C E T E R S  
P A T H  

C X X E  C Y t E  O Z Z E  V E L E C I T Y  A h G L E  
( Y / S E C )  ( C / S E C )  ( I / S E C )  ( C / S E C )  ( C E C )  

L E N G I T U D E  
( P E S I T I V E  

N E S T  ) 
( D E G )  



TABLE 9A 

S - I  STAGE STPTE PARAPETERS 4 1  eCTBeARC CLT-3FF  

R E c L L T I h G  FRSY TWZ-SICPA CACYITCCE PERFERPAhCE V A R I A T I Z h S  
--_--___-_--____-_---------------------------------------------------------------------------------------------------.--------------- 

TINE p e r ~  A N C L E  V E L S C I T Y  ALTITUCE R A N C E  I ~ T E G R P T E C  INERTIAL ~ I C C E C E R P T B Q N S  
F R V Y  EPKTI- EARTP X I -CLT  ETP-CET Z E T A - C Q T  

V b R l A T i ~ h ' ?  L I F T a F F  F I X E C  F I X E D  
I S E C )  ( C E G I  t P / S E C )  (M ( M I  ( P / S F C  ( P / S  EC 1 I P , l S E C  I ---------------------------------------------------------------------------------------------------------------------.-------.------- 

N ? " I \ I I L  1 4 6  .R70 64.684 2 6 6 4  .98 699 16.4 9 0 0  29 .4 2 4 5 0 . 2 9  2504.6 7 . - e ,39  
N ? Y - P R 7 P C L L 4 \ T  vASS +I67 kg -.OCO - 0 1 5  -2 .71  -90.5 -66.3 -2 .21  -1 - 6 9  * C 1 

B P C ~ ~ l ' h T  L 7 t 1 T I " c  P A S S  -938 kg - .350 -. 1 4 8  -4.57 84.4 -510.3 -7.15 1 .25  - 0 3  
RLS? PRC F L 7 h  YATE -1 % 1.423 .728  -4 .61 -1194.7 14E5.3 9.@9 -19.67 -,03 

+1 % -1.395 -.4C7 - 3 3  . C ?  -783.5 -25  53.4 -3e.75 -8.59 . I?  
RLST 'JIICbLIGRw'E'\T .37 deg -.0CO .0C4 - .14 -12.3 -17.1 -.42 -.24 -35.63 
XTLRE F ? T I V "  -.528 % - .200 - .0?6  -11 .?? -241 .9  -5C3.7 -11.18 -4.76 -04  
I b L  CR4C C F F r F l C I F h T  % .no0  . I 7 7  -13.59 -970.3 -562.6 -9.63 - 1 2  - 8 1  . C ?  

.OCO - . e l l  -4.58 -92.4 -5E9.8 -4  - 9 3  -1 - 3 1  -?.If 
-.OCO .445 27.49 -690 .9  3345.3 34 .30  -9.12 8 - 8 5  

.ooo .a83  - ... 7 y  - -21e .8  -.7 1.28 - 3 , t z  1 2 ~ 3 6  
R I G F T  CRVcr  'bIRP -.OOO .17 1 6.68 -321.C 859.2 9.33 - 4 - 8 9  -1S;,S8 

P P S I T T L E  R S S  2.033 .99 1 47  .63 1741 .5  4635 .8  56.C2 25.53 38 .74  ................................................................................................................................... 
XFGA'TlbF RSS 2 .0?3  . 8 6 t  3 1  . t 4  3147.9 43 .56  27.82 4 C - 9 6  1915 .6  ---------------------------------------------------------------------------------------------------------------------------------- 

2.033  - 9 2 8  43.13 3 8 9 1 . 9  49 .79  26.67 3'*85 1828 .0  ----------------------------------------------------------------------------------------------------------------------------------- 

-ab 



S - I  STAGE STbTE PPRAPETERS A7 PLTBPARC CLT-EFF 

RESI!LTI RG, FR63V Th&-S ICVA MACN I TCDE FERFBRMANCE \ A R I A T I  ENS 
--__-__--___-.-___------------~----------------------------------------------------------------------------------------.-------'------- 

X Y Z X-DET Y-DLT 2 -DQT 
F b R T t  EARTk EARTt, EARTH EARTI. EARTI- 

' J A R  IAT!,Z%S F I X E C  F I X E C  F I X E D  F I X E D  F I X E D  F I X E D  
f b4 ) f P I M )  IY /SEC I Y / C E C )  ( tJ /SEC) 

N ? " I Z P L  9 1 0 6 4 . 7  69273 .7  382.5 2425 .69  110  3.64 12.80 
b;7fii-PR?PE L L 8 1 T  N,I:S +I67 kg -68 .3  -e4.6 -. 3 - 2 . l e  -1.73 -. 0 1 
P Y W F L L F h T  L Z P p I h ! C  PASS -938 kg - 5 1 4 . 6  91 .6  - 2.3 -7 .11 4.51 -. C 6 
T P R L S T  b n r  ~ i ' l c  ?firc -1 % 1483.8 - 1 2 ~ 5 . 9  e. 2  5.54 -33.25 .15  
F L R h  R A T F  +1 % - 2 5 9 2  .6 -747 .6  -14 .0  -3e.37 4.12 -.34 
T u R L S T  RJi!f !L1(:\h8rh: .37 deg -30.4 -12.C -1667 .9  -. 1 8  -. 1 4  -35.53 
" I Y T L R E  R F T i r  -.528 % -512 .8  - 2 3 4  .a -2.4 - l l . C 8  -3 .01 -.C7 
A X I A L  E R A [  C ? ' = ~ F I C I C - \ T  +10 % -593.0 -962 .3  -3 .0  -9.42 -13.C5 -.C8 
t " A C X l h C  -597 .6  -e4.C -26? .7  -4.E3 -1.39 -3 .15 
TATChIp\C 13C5.3 -739 .3  927.2 34.C9 -8.74 9.C4 
L E F T  C ? ? S Z  l , ~ ~ l \ ?  -14.5 -218 .9  125C.6 1.23 -3.68 12.26 
R i S t T  CRP! !  h I l P  8 4 2 . 0  -333 .2  - 2 2 3 5 . 6  9.5 1 -4.71 -19.75 

P " I T ~ L C  9$5 4672 .3  1 7 3 5 . 1  2 2 8 3 . 1  5 5 . 6 1  36.40 3 8.66 
-------------.---------------------------------------------------------------------------------------------------------------,------- 

. ' . i F S f ~ T l ' d r  3 5 7  31e6.5 1929.6 2724 .0  43 .14  37 .94  40 .77  ----------------------------------------------------------------------------------------------------------------------------------- 
2 S S  3 9 2 9 . 4  1912 .3  2 5C 3.5 49.37 37 .17  39 .72  



TABLE 10A 

S-IV STAGE STATE PARAMETERS AT GUIDANCk I N I T I A T I B N  

RESULTING FRBM S-I STAGE TWB-SIGMA MAGNITUDE PERFBRMANCE VARIATIBNS 
----.------------------------------------------------------------------------------------------------------------,----------------- 

PATH ANGLE VELECITY ALTITUDE Z INTEGRATED INERTIAL ACCELERAT1:QNS VEHICLE 
SP4CE SPACE EARTH ETA-D0T ZETA-.DQT RADIAL Xl-D0T 

V A R  IATIQNS F IXED FIXED FIXED DISTANCE 
(DEG) (M/SEC) ( M I  (M)  (M/SEC) (M/SEC (M/SEC) t P )  

-------*----------------------------------------------------------------------------------------------------------.----------------- 
N14PlNPL. 70.369 3072.98 89529.3 641.7  2544 33 2545 71 - 9  -66 6462948 
NPJN-PREPELLANT MASS +I67 kg - 0 1 9  -2.79 -123.7 -1.2 -2.37 -1.74 -. .02 - 124 
PREPELLANT LQACIh'G MASS -938 kg -. 0 6 7  -4.24 519.4 8.6 -5.07 1.92 .44 520 
THRUST ANC FL0M RATE -1 % - 7 1 9  1.56 -1201.4 26.8 14.21 -18.45 - 7 7  -1149 
FLEh RATE +1 % -.221 -33.57 -333.9 -9.7 -36.23 -7.65 ,82 -336 
TWROST MISALIGNMENT .37 deg - 0 1 2  - 8 2  -15.1 -2314.6 -.64 -. 32 -35 - 2 5  -2 1 
MIXTURE RPTIE -.528 % a 022  -11.10 -101.5 1.4 -10.23 -4.43 .17 -102 
A X  T b i  CRAG C0EFFICIENT +10 % - 1 8 6  -13.57 -1219.3 1.1 -10.02 -13.09 .44 -1220 
HEADW i N C  ,002 -5.11 -322.0 -5.14 -1.34 -3,13 -125 -123.8 
TAILMINO .327 28.48 -821.8 1084.0 33.77 -9.75 8 - 2 5  -815 
L E F T  CRESS WING . C69 -.54 -285.5 1.07 -3.65 12.09 - 2 8 2  1471.1 
RIGHT CRDSS W I K D  - 1 3 5  7.75 -396.9 -2494.9 9.01 -4.94 -1'3,75 -403 
---.--------------------------------------------------------------------------------------------------------------,-------.---------- 

P O S I T I V E  RSS .858 48.32 1826.8 54.53 24.43 3e.19 1826 2949.1 ---------------------------------------------------------------------------------------------------------------------.--.---------- 
NEGATIVE RSS .778 38.60 2065.6 3418.5 42.16 27.04 40.55 2063 ................................................................................................................................... 
RS S - 8 1 8  43.46 48.34 25.74 3'3,37 1 9 4 5  1946.2 3183.8 
------.----,-------------------------------------------------------------------------------------------------------.--------.---------- 



w TABLE 10B 
0 

S-IV STAGE STATE PARAPETERS AT GUIDANCE I N I T I A T I O N  

RESULTING FKDP, S-I STAGE TWE-SIGPA MAGNITUDE PERFORMANCE VARIATIONS 
-____---___--_--___________---------------------------------------------------------------------------------------------.---------- 

TIME X Y Z X-DOT Y-DOT Z-O@T 
FRCM SPACE SPACE SPACE SPACE SPACE SPACIi 

V A R I A T I Z N S  L IFTDFF FIXED FIXED FIXED FIXED FIXED FIXED 
(SEC 1 ( F L )  ( F 1 )  ( M I  (M/SEC) (M/SEC) IM ISECI  

__-_--__-_-_--_______________------_------------------------------------------------------------------------------"-------.---------- 
NOVlhbL 165.000 206419 .2  6459650.6 -712.7 2923.55 9 3 9  .52 -115.55 
NOW-PRZPELLAYT MPSS +I67 kg ,000 -110.9 -120.4 -.2 -2.37 -1.76 .- .02 
PRVPECLA'YT CBAClhG MASS -938 kg .COO 236.5 512.4 5.8 -5.09 2.00 -44 
THRliST A Y C :  FLOW RATt  -1 % 2.000 3917.5 -1325.6 -216.4 13.73 -38.05 .80 
FLOh R,aTE +1 % -1.000 -2713.2 -249.9 118.6 -35.97 2.01 .80 
THRklST VISACIGkMENT .37 deg .OOO -47.9 -20.4 -2314.3 -.64 -.32 -3'5 - 1 0  
K %  XTURE K C I T I E  -.528 % .COO -94.8 2.9 -4.43 , I 7  -219.6 -10.23 
A X  T A C  2 R R G  CEEFFICIENT + lo  % .OCO -770.7 -1195.9 8.8 -9.97 -1 3.27 .44 
HE RGW I KC .OOO -690.3 -103.3 -317.7 -5.06 -1.36 - 3 - 1 1  
TATCliINC .COO 3972.2 -944.3 1063.7 33.41 -9.88 8 1 6  
L E F T  C R E S S  h l N C  .COO 10.7 -282.1 1471.8 1.08 -3.69 P i - 9 6  
RIGHT CRnSS W i N D  ,000 992.8 -435.6 -2499.5 8.93 -5.00 -1'3.52 

POSITIVE F.SS 2.236 6339.2 1880.5 53.99 40.68 ?83,99 2952.0 
__---_-___-.--_-----_------------__---------------------------_------------------------------------------------------~--------------- 
NfGAT I V E  RSS 2.236 4888.5 2169.8 3430.1 41.76 42.35 4.13. 3 1  

# k" 
RS S 2.236 5613.8 3191.1 47.87 41.51 39,15 2025.1 
---_--------_---_-_----------------------------------------------------------------------------------------------...-------.---------- 



c - IV  S T A G E  S T P T E  P A R A M E T E R S  CT G L I D A N C E  I N I T I A T I C N  

K F S L L T I K t  F R R P  S - I V S T A G E  T h e - S I G P P  P ' A E N I T L D E  P E R F e R P A h C E  V A R I A T I O h S  
_______-__-______-________________-----------------------------------------------------------------------------------------.--------- 

P A T E  D Y G L E  V E L 3 C I T Y  A L T I T L C E  Z I h T E G R A T E C  I N E R T 1  P L  A C C E L E R P T I  E h S  VE t  I C L E  
S F A C E  S P A C E  E A R T H  X l - C Q T  E T A - C P T  Z E T A - C E T  R B C I A h  

' lP.R TAT1 ZRS F I X  F@ F I X E C  F I X E D  C I S T A N C E  
( C E G )  I P / S E C )  ( M )  I N )  ( P / S E C )  ( Y / S F C )  t P / S E C 1  F P )  

N 7 " I N P C  70.369 3072.98 8852S.3 641.7 2544.33 2545.71 -9,66 6462948 
Y P N - P R E F E L L i l i \ S  N A S S  +37 kg .OOO -.C6 -31.8 -. 3 -.C8 -.C3 -..02 - 3 1  
P K V P f L l b W  I L P A C I Z C  PASS -605 kg -.213 7.25 921.4 -62.6 3.33 1?.C5 - - 4 4  92 L 
T t l R L S i '  A N I :  F L Q b  Q A T F  -0.5 % .O 0 1 -.29 -32.3 - 8  -.26 - . I5  ,. 6 4 - 3 2  
F t 5 h  R A T E  M.5 % .On0 .18 -3C.7 1.0 .17 . C4 . 13 5 -10  
TF-KLST N I  C A I - I C A V f  R T  .41 deg .DO1 . I 8  -31.4 -7.7 .14 . C 1 -1.11 .-? E 
M I X T L ! R E  K b T I ?  +8.5 % - .@C3 1.63 4.9 .6 1.51 .66 .C2 5 ----------------------------------------------------------------------------------------------------------------------------------- 
PTSIT IVT  R S S  - 2 1 3  7.44 923.6 63.0 3.67 13.07 1.20 9 2 3  ---------------------------------------------------------------------------------------------------------------------------------- 'I . 

EGATIVE RSS .213 7.44 923.6 63.0 3.67 1?.C7 1.20 9 2 3  

.213 7.44 923.6 63.0 3.67 13.07 1.20 9 2 3  ----------------------------------------------------------------------------------------------------------------------------------- 



TABLE 11B 

S-IV STAGE STATE PARAMETERS AT GUIDANCE I N I T I A T I B N  

, RESULTING FRBM S-IV STAGE TWB-SIGMA MAGNITUDE PERFBRMANCE VARIATIBNS 
------.---------------------------------------------------------------------------------------------------------...----------------- 

T I  ME X Y  Z X-DBT Y-D0T 2-DaT F/M 
FRBM SPACE SPACE SPACE SPACE SPACE SPACE 

VAR IAT IBNS L IFTBFF FIXED FIXED FIXED FIXED FIXED F I X E D  
[ SEC) (M)  ( M I  ( M I  (M/SEC) (M/SEC) (MtSEC) (M/S2C SQ) 

----------.-----------------------------------------------------------------------------------------------------.----------.--------- 
N C I W I N P L  165.000 206419.2 6459650.6 -712.7 2923.55 939.52 -115,55 6.70 
NUN-PREPELLANT MASS i-37 kg .OOO -. 3 -31.3 -1.0 -.07 -. 0 4  .- -02: -00 
PRmPECiAKT LDADIKG MASS -605 kg .OOO -6 5.2 923.7 -64.7 3.35 13.16 .-, 44 "07 
THKliST A N C  F L @ h  RATE -0.5 % .OOO -.4 -31.8 .1 -.26 -. 1 5  * 0 4  - .03 
F C O M  RATE M.5 % .OOO - 2.7 C30.4 -- 2  - - I 7  - - 0 4  .- - 0 5  .00 
THRIJSP MISALIGNMENT .41 deg .OOO 2.2 -31.0 -8.4 1 4  .OO -1.11 -00 
M I X T U R E  RATIB +8.5 % .OOO 10.7 4.6 . 5  1.51 .66 ,02 . I4  
---------------------------------------------------------------------------------------------------------------,.--------.---------- 

POSITIVE RSS .OOO 66.2 925.8 65.2 3.69 13.18 1 - 2 0  .O2 
-----------------------------------------------------------------------------------------------------------------.----------------- 
NEGATIVE RSS ,000 66.2 925.8 65.2 3.69 13.18 11.20 .02 
--------------------------------------------------------------------------------------------------------------,-------*.-------- 

RS S .OOO 66.2 925.8 65.2 3.69 13.18 1 - 2 0  .02 --------------------------------------------------------------------------------------------------------------------.----------- 



TABLE 12A 

S-IV STAGE STATE PARAPETERS AT GUIDANCE CUT-OFF SIGNAL 

RESLLTING FREP' S-I STAGE TWE-SIGPA PAGNITUCE PERFERMANCE VARIATIONS 

TIME PATH ANGLE VELDC!TY ALTITUDE RANGE RESIDUAL VELDCITY VEHICLE 
FR0M SPACE SPACE PREPELLANT OVER RADIAL 

V A R  I A T  I U K S  L IFTEFF F I XED FIXED PASS CIRCLLAR D I S T A N C E  
I SEC) (CEG) (IUI/SEC) I M )  (PI) ( K G )  (M/SEC) [ M I  

Nml@INAE. 618.968 89.954 7806.00 185536 .4  2073448  - 4  929 .86  L '1. . 4 1 5560744 
NON-PREPELLAhT M A S S  +I67 kg - 1 7 5  -. OCl .OO -3.6 -285.8 -16.41 -.. . 0 0 - 4 
P R E P E C L A T T  i @ A C I h G  P A S S  -938 kg -. 0 7 4  -.018 -.OO -50.3 -25.86 - - - 03  - 5 1  -1028 - 4  
THRIJST A X E  FLEW R A T E  -1 % 1.844 - 0 6 7  .OO 173.5 1813.8 -39.37 -1 E 1 7 6  
FC!?V, R P T E  +1 % ,689 -. 059  .OO -188.5 -5921.2 -194.70 -.. . 1 P -194 
B H R ! J S 9  P I S A l l G R r " , E h T  -37 deg .651 ,  -. 017 .OO -36.8 -500.0 -60.84 -,02 -37 
IMUXTURE RPTiE -.528 % .529 -.012 - 0 0  -41.5 -1525.4 -68.18 . 0 2 -43 
AXIAL DRAG CEEFFICIENT + l O  % .974 .009 -.OO 16.1 -1699.3 -91.08 - 0 1  E 5 

.336 . OC2 .OO -30.7 -1117.9 -31.48 . 0 2 - 32  
-1.547 - 0 1 3  .OO 3'04.9 144. 86  - 1 9  310 6374.1 

E F T  CRPSS w I N C  ,046 . OC5 .OO 31.4 47.5 -4.30 .02 3 P 
I G H T  C R E S S  W I ~ : C  . C72 -. OC6 - 0 0  73.8 1355.9 -6.75 .05 7 h 

PISITIVE RSS 2.384 .094 .OO 413.4 9350.1 279.33 - 2 5  421 

EGATIVE RSS 2.820 .093 - 0 0  269.2 6797.4 241.03 .16 275 

2.602 .09& .OO 341.3 8073.7 260.18 - 2  1 348 -----------------------------------------------------------------------------------------------------------------.----------------- 



TABLE 12B 

S- IV  STAGE STATE PARAMETtRS AT GUIDANCE CUT-OFF SIGNAL 

RESbLTING FRffiC S-I  STAGE TWffi-SIGMA MAGNITUGE PERFORMANCE VARIATIBNS 

dAR I A T  I BILS 

INTEGRATED I NEKTIAL ACCELERAT IBRS Z LBhGITUDE GEODETIC Z-DOT 
X1-DDT ETA-DBT ZETA-D0T EARTH + kEST OF LATITUDE EARTH 

FIXED GREENWICH + NORTH FIXED 
(M/SEC) (EL/SEC) (M/SEC) ( M I  IDEGI  I DEG I (M/SEC:I 

N P j V I N P i  7627.6 7 2965.  17 -. 1 6  48833.  7 61.2L135 21.S17376 221.36 
NON-PRGPELLAKT PPSS +I67 kg - 2 4  2.15 - 0 0  12.3 .00259 .000926 .05 
PREPELLART LeACIhG PASS -938 kg .85 2.57 .OO -27.1 - 0 0 9 0 4  .003896 .01 
THRIjST A R C  F L E N  RATE -1 % -1.38 8.37 - 0 0  217.8 -.01527 -.008224 .40 
FLE1.I KATE +1 % 4.C7 21.26 .OO -39.7 .05248 .021507 .29 
T W R l i S T  PISPLIGKMENT .37 deg 1.65 8.84 -.OO 257.9 ,00546 -.COO270 .66 
ME XTURE RAT10 - .528 % 1.26 8.48 - 0 0  24.7 .01365 .005264 .17 
A X  YAi C R A G  ICBEFFICIENT + l o  % - 7 9  11. C6 .OO 67.0 .01536 .005554 .25 
H E A D H  %KC . I 2  4.30 -.OO 42.5 .01010 .003663 .15 
T A T L C L I \ C  -1.15 -22.86 .OO -132.7 -.05717 -.021764 -.61 
L E F T  CRESS h i N C  - . I 3  -.Ol .OO -130.5 -.00094 .000873 - .28 
RIGHT CROSS WIND - 7 7  - 1 4  -.OO 265.8 -.01101 -.006974 .52 
-----------.----------------------------------------------------------------------------------------------------------------------- 
PBSITIVE KSS 4.98 28.71 .OO 440.4 .024880 1.03 - 0 6 0 2 5  ................................................................................................................................. 
Q E G A T I V E  K55 5.05 36.44 .00 395.2 - 08318  .C33573 1.10 .............................................................................................................................. 
RS C 5.02 32.58 .OO 417.8 .07171 - 0 2 9 2 2 7  1.07 .................................................................................................................................. 



TABLE 13A 

S-IV STAGE STATE PARAMETERS AT GUIDANCE CUT-OFF SIGNAL 

RESULTING FRBM S-IV STAGE The SIGMA MAGKITUCE PERFORMANCE VARIATIBNS 

VAKIAT IONS 

TIME PATH ANGLE VELOCITY ALTITUCE RANGE RESIDUAL VELBCITY VEHICLE 
FRBM SPACE SPACE PRPIPELLANT OVER R . W D I A L  

L IFTBFF  FIXED FIXED MASS C IRCLLAR DISTANCE 
( SEC I (CEG) (M/SEC) ( M I  (M)  (KG)  (M/SEC 1 (MI 

NBPINAL 618.968 89.954 7806.00 185536.4 2073448.5 929.86 11.41 6560744 
NON-PROPELLANT MASS +37 kg .309 . OCO -.OO 3.6 1184.9 -28.93 -,a0 5 
PROPELLANT LOADING MASS -605 kg -5.515 -. OC8 -.OO -178.5 -19421.8 -88.05 - e l 2  -198 
THlIUST AND RATE -0.5 % 2.477 . 001  -.OO -20.5 9662.5 -29.29 -.(I1 -1 0 
FLOW RATE M.5 % - 1.149 .001 .00 -124.3 - 5746 .1  - 94.53 - -07 - 1 3 0  
THRUST MISALIGNMENT .41 deg -. 006 -. 0 0 1  -.OO -23.7 49.0 .55 -.a2 -24  
MIXTURE RATIO M.5  % -9.013 . OC4 -.OO -454.3 -26672.4 -52.08 -.29 - 491  ----------------------------------------------------------------------------------------------------------------------.-------- 
POSITIVE H S S ,  10.918 - 0 0 9  .OO 504.7 43010.0 145.25 . 3 3 546  
------------------------------------------------------------------------------------------------------------------------.------- 
NEGATIVE R S S ,  10.918 . OC9 .OO 504.7 43010.0 145.25 , 3 3  546 
------------------------------------------------------------------------------------------------------------------*-------.-------- 
RS S 10.918 .009 .DO 504.7 43010.0 145.25 .33 546 
--------.------------------------------------------------------------------------------------------------------------------.-------- 



W 
w TABLE 13B 

S-IV STAGE STATE PARAYETERS AT GUIDANCE CUT-OFF SIGNAL 

RESULTING FRBM S-IV STAGE TWB SIGMA MAGNITUDE PERFBRMANCE VARIATIBNS 
-----------------------------------------------------------------------------------------------------------------*"------""-,-------- 

INTEGRATED INERTIAL ACCELERATI BNS Z LBNGITUDE GEBDETIC Z-DOT 
Xl-DOT ETA-DgT ZETA-DBT EARTH + WEST OF LATITUDE EARTH 

V A R  IaT IaFrs  FIXED GREENWICH + NBRTH FIXED 
( M / S E C )  ( M / S E C )  IM/SEC) ( M I  ( DEG ( D E G )  (MISEC) 

--------------------------------------------------------------------------------------------------------------------------.--------- 
N Q P l N A C  7627.67 2965.17 -.I6 48833.7 61.28135 21.917377 221.36 
NON-PROPELLANT MASS +37 kg - 2 3  1.16 .oO 48.6 -.00994 -.006058 .09 
PROPELLALT LOADING MASS -605 kg -4.46 -23.59 -.OO -865.6 - 1 6 9  30 - 0 7 6 3 9 6  -1.68 
THRUST hh'D FLOW RATE -0.5 % 1.97 9.27 - 0 0  405.7 -.Of3385 -.039307 .76 
FLOW RATE M.5 % -.78 - 2 .91  .00 -211.2 - 0 4 9 8 3  .023697 -.36 
THRUST MJSALIGh?\lENT .41 deg - 0 5  .07 .OO -143.4 -.00060 -.000457 .08 
MZXT'I'RE FATIC) G . 5  % -7.20 -32.80 - - 0 0  -1505.1 - 3 2 0 3 3  -143059  -2.85 
................................................................................................................................... 
P f l S I P I V E  RSS 8.73 41.57 .Ol  1801.9 .37535 . I 6 8 6 5 8  3.41. -------------------------------------------------------------------------------------------------------------------.---------------- 
N E G A T I V E  RSS 8.73 41.57 .01 1801.9 .37535 e l 6 8 6 5 8  3.41 
------------------------------------------------------------------------------------------------------------------.-------------*-- 
R S  S 8.73 4 1 - 5 7  .O 1 1801.9 .37535 - 1 6 8 6 5 8  3.41 
------------------------------------------------------------------------------------------------------------------,---------,------- 



TABLE 14A 

S-IV STAGE ERBITAL INSERTIOk STATE PARAMETERS 

RESULTING FROP S-I  ,STAGE TWO-SIGKA MAGNITUDE PERFORMANCE VARIATIBNS 
_ I ^ _ _ _ _ - _ _ - _ _ _ _ _ _ - _ _ _ - - - - - - - _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

TIME PATH ANGLE VELOCITY ALTITUDE RANGE KESIOUAL VELBCITY VEHICLE 
FREM SPACE SPACE PR0PELLANT OVER RADIAL 

V A R  L A T I a N S  LIFTDFF FIXED FIXED MASS CIRGLLAR DISTANCE 
( SEC (OEGI (M/SEC) ( M I  ( M )  (KG)  (M/'SEC 1 tWj 

NUPIicbL 628.968 89.950 7807.55 185532 .3  2145381.3  929.86  1.2.S9 4560810  
NfllY-PRgPELLANT PPSS +I67 kg . I 7 5  -.001 .OO -2.8 -285.7 -16.41 .OO - 3 
PREPELLANT LOACIhG PASS -938 kg -. 074  -.018 -.03 -26.2 -25.86 -.04 -27  -1028.2 
THRUST PNC FLi?W RPTE -1 % 1.844 ,067 .12 82.6 1813.0 -39.37 - 17 8 5 
F L n u  KATE +1 % .689 -. C58 -. 0 7  - . I 4  - l 1 4  -108.6 -5919.8 -194.70 
THRUST V I S A L  IGKNENT .37 deg .651,  -.017 -.02 -13.4 -499.7 -60.84 03 -13 - 
M l  XTURE RATIm -.528 % ,529 -.012 -. 0 1 -25.2 -1524.9 -68.18 -.02 -27 
AXIAL C R A G  CPEFFICIENT +10 % - 9 7 4  . CC9 .02 4.5 -1699.3 -91.C8 .03 3 
HE ADh 1 hl: - 3 3 6  . CC2 .01 -33.6 -1117.4 -31.48 -,01 - 35  
T A I L k  l K C  -1.547 .013 - 0  1 287.2 6370.8 144.86 a 1 8  293 
LFFT CRrSS b I N C  - 0 4 6  . OC5 .01 24.6 47.3 -4.30 .02 2 4 
RIGHT CROSS W I K C  .072 -. CC6 -. 0 1 81.5 1355.1 -6.75 .04 8 3 .................................................................................................................................. 
PGCITIVE KSS 2.384 .094 - 1 4  331.5 9346.5 279.33 - 3 0  3 3 9  

NFGATTVF KSS 2.820 .093 .14 145.9 6 7 9 5  - 7  241.03 .23 152  

RS S 2.602 - 0 9 4  .14 238.7 8071.1 .26 246 260.18 
-_--____-__---_-____---------------------------------------------------------------------------------------------,-----------------" 



S-IV STAGE EKBITAL INSERTIBN STATE PARAMETERS 

KESGLTING FREE S-I STAGE The-SIGPA PAGNITUCE PERFDRMANCE VARIATI0NS 
---------.-------------------------------------------------.------------------------------------------------------.-------------------- 

INTEGRATED INERTIAL ACCELERATIENS Z LONGITUDE GEBDETIC Z-DOT 
X I - D 2 T  ETA-DET ZETA-DDT EARTH + WEST OF LATITUDE EARTE 

VA4IATISILS FIXED GREENHICH + NBRTH FIXED 
(P /SEC)  (P/SEC) IM/SEC) ( M I  ( DEG ) (DEGI (M/SEC) 

---------.------------------------------------------------------------------------------------------------------.------------------- 
V n V T K A i  7629.25 2964. 84 - . I6  51064.4 60.65209 21.640593 224.72 
NPk-PREPELLANT VPSS +I67 kg .24 2.15 .OO 12.8 .00258 ,000932 .05 
PRZFELLR?:? L&?ACIF\G PASS -938 kg .86 2.57 .OO -26.9 .00900 .C03932 . O 1  
T Y R O S T  RP<C F i Z h  RATE -1 % -1.38 8.35 .OO 221.8 -.01518 -.OD8319 .39 
FI.nW R A T E  +1 % 4.C9 21.25 - 0 0  -36.8 - 05228  .C21690 .29 
THROST F ."TSALIGF\IVIFKT .37 deg 1.66 8 . @ 4  -.OO 264.4 - 0 0 5 4 7  -.COO300 .65 
PIXTWRE EATIC -.528 % 1 - 2 7  8.48 - 0 0  26.4 - 0 1 3 6 1  .C05304 .17 
AXTbL  C i l A C -  CZEFFICIENT +lo % - 8 0  11.05 .OO 69.5 - 0 1 5 3 2  - 0 0 5 5 9 4  .25 
H E A n u i ~ i :  .12 4.30 -.OO 43.9 .01007 .003690 .14 
T C ~ L W  inc  -1.16 -22.84 .OO -138.9 -.05696 -.C21925 -.62 
LFFT CRCSS d IKC  - . I 3  -.C1 .OO -133.3 -.00095 .000893 -. 27 
RiGMT C R E S S  k I N D  .77 - 1 4  -.OO 271.0 -.01093 - .007054 .52 
----------------------------------------------------------------------------------------------------------------.*----------------- 
Pk7ClTIVE RSS 5.00 28.69 - 0 0  449.7 - 0 6 0 0 2  -025098  I.. 02 
----------------------------------------------------------------------------------------------------------------.------------------ 
YEGATIVE RSS 5.07 36.42 - 0 0  404.9 - 0 8 2 8 6  - 0 3 3 8 5 2  I.. 10 
----------------------------------------------------------------------------------------------------------------------.---------- 
RSC 5. C4 32.55 .OO 427.3 .07144 .029475 1 ,, 06 
----------------------------------------------------------------------------------------------------------------.-------.---------- 



T A B L E  15A 

S - I V  STAGE O R 8 1  T A L  I N S E R T I  0 h  S T A T E  PARAMETERS 

K E S U L T I N G  FRBM S - I V  STAGE T h O  S I G M A  M A G h I T U D E  PERFBRMANCE V A R I A T I B N S  
-----------------------------------------------------------------------------------------------------------------.----------------- 

T I M E  P A T H  ANGLE V E L O C I T Y  A L T I T U D E  RANGE R E S I D U A L  VELOC I T Y  V E H I C L E  
FRBM SPACE S P A C E  P K B P E L L A N T  OVER R A D  E AL 

V A R  IATIBNS L I F T B F F  F I X E D  F I X E D  MASS C I R C L C A R  D I S T A N C E  
( S E C  (OEG) I M / S E C )  I M )  ( M I  (KG) ( M I S E C )  I M )  ----------------------------------------------------------------------------------------------------------------.----------------- 

NBMTNdL 628.968 89.950 7807.55 185532.3 2145381.3 929.86 12.99 656081 0 
NON- PROPELLANT MASS +37 kg -309 . OCO -.00 3.1 1184.8 -28.93 -- .00 5 
PROPELLANT LOADING MASS -605 kg -5.515 -. OC8 .04 -167.8 -19420.8 -88.05 -. - 0 7  -187 
THRUST AND ]?LOW RATE -0.5 % 2.477 .001 -.OO -21.6 9662.6 -29.14 -. -01 -12 
FLOW RATE 4.0.5 % - 1.149 .OOl A 0 1 - 125.1 -5744.6 - 94.68 .. - 0 4  - 131 
THRUST MISALIGNMENT .41 deg -.006 -.OCl -.01 -21.8 49.2 .55 -- .02 -22 
MIXTURE RATIO +8.5 % -9.013 ,004 002 -460.5 -36667.4 -52.76 -.28 -497 ................................................................................................................................... 
POSITIVE R S S  10.918 ,009 -05 506.8 43005.1 145. 55 - 3  0 548 
-------------------------------------------------------------------------------------------------------------------.,-------.---------- 
NEGAT BVE R.SS 10.918 ,009 .05 506.8 43005.1 145 . 5-5 -30 548 ------------------------------------------------------------------------------------------------------------------------------- 
RS S 10.918 .009 .05 506.8 43005.1 145.55 .30 548 
----------,------------------------------------------------------------------------------------------------------------------------- 



TABLE 15B 

S-IV STAGE ERBITAL IRSERTIBR STATE PARAMETERS 

RESULTING FRBM S-IV STAGE TWE SIGMA PAGRITUGE PERFORMANCE VARIATIBNS 
-----------------------------------------------------------------------------------------------------------------.----------------- 

INTEGRATED INERTIAL ACCELERATIENS Z LONGITUDE GEDDETIC Z-DOT 
XI-DOT ETA-GET ZETA-DOT EARTH + WEST OF LATITLOE EARTH 

VARIATIaNS FIXED GREENWICH + NORTH FIXED 
(M/SEC1 (M/SEC) (M/SEC) ( M )  (GEG) (DEG) (M/SEC) ................................................................................................................................. 

YBPILAL 7629.25 2964.84 -.I6 51064.4 60.65209 21.640593 224.72 
NON-PROPELLANT MASS +37 kg - 2 3  1.16 - 0 0  49.5 -.00989 -.006C99 .08 
PROPELLANT LOADING MASS -605 kg -4.41 -23.62 -.OO -882.4 . I 6 8 5 5  .077188 -1.G6 
THRUST AND FLOW RATE -0  -5 % 1.97 9.27 .OO 413.2 -.08349 -.039690 -75 
FLOW RATE 4 . 5  % - 7 8  2.91 .OO 214.8 - .04961 -.023909 .35 
TfiRUS T MIS ALIGNMENT .41 deg .05 - 0 7  .OO -142.6 -.00060 -.000462 .08 
MIXlL%C RATTO 44.5 % -7.18 -32.79 -.OO -1533.4 ,31892 ,144518 -2.80 ................................................................................................................................. 
P O S I T  EVE RSS 8.69 41.58 .01 1835.6 .37370 - 1 7 0 3 7 5  3.36 ---------------------------------------------------------------------------------------------------------------------------------- 
h t ( * A T l \ / t  RSS 8.69 41.58 . 01  1835.6 .37370 -170375  3.36 
----------------------------------------------------------------------------------------------------------------.----------------- 
R5 S 8.69 41.58 .01 1835.6 - 3 7 3 7 0  - 1 7 0 3 7 5  3.36 ----------------------------------------------------------------------------------------------------------------.----------------- 



TABLE 16 

PERIGEE AND APOGEE VARIATIONS PERIGEE AND APOGEE VARIATIONS 
DUE TO S - I  STAGE PERFORMANCE VARIATION OF A TWO-SIGMA MAGNITUDE DUE TO S-IV STAGE PERFORMANCE VARIATION OF A TWO-SIQU MAGNITUL'E 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VARIATIONS PERIGEE APOGEE VARIATIONS PERIGEE APOGEE 1 I (M) (M) (M) (M) 

NOK1 NAL 181916. 227301. 
NON- PROPELLANT MASS +I67 kg -354. 169.  
PROPELLANT LOADING MASS -938 kg  -1048. 667.  
THRUST AND PLOW RATE -1 % 726. -163. 
FLOW RATE +1 % -3257. 2378. 
THRUST MISALIGNMENT .37 deg -1004. 711. 
MIXTW RATIO -.528 % -796. 479. 
AXIAL DFAG COEFFICIENT +10 % -64. -21. 
BEADWINE -299. 11. 
TAILWIh'I) 345. 688. 
LEI'T CROSS WIND -153. 102. 
RIGHT CF.OSS WIND 442. 571.  

.------------------------------------------------------------------------- 
POSITIVE RSS 3794. 2776. 

.--"----"----------------------------------------------------------------- 
NEGATIVE RSS 3768. 2626. 

RS S 3781. 2701. 

NOMINAL 181916. 227301. 
NON-PROPELLANT MASS +37 kg 24. -18.  
PROPELLANT LOADING MASS -605 kg -446. -165.  
THRUST AND FLOW RATE -0.5 % 17.  -68. 
FLOW RATE N . 5  % -184. - 6 9 7 .  
TKRUST MISALIGNMENT .41  deg 24. -18.  
MIXTURE RATIO +8.5 % -617. -1564. 

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

POSITIVE RSS 785. 1722. 

NEGATIVE RSS 785. 1722. 

RS S 785. 1722. 

Apogee and p e r i g e e  a l t i t u d e s  a r e  r e f e r e n c e d  t o  a s p h e r i c a l  e a r t h  of r a d i u s  6378.165 km. 



Table  17 

PERFORMANCE PARTIALS APPLICABLE AT S - I  STAGE OUTBOARD CUTOFF 

> ---- E:E:2---<::?:2- 
m/sec mlsec 

NOF- PROPELLANT MASS j 1 0 0 l b s w t j  0.0 -005 -.7 -25. -18. -18.5 -24.3 0 - .59 - .47 
I I 

DROPELLANT LOADING MASS j 100 l b s  w t  j .017 .007 .2 0 25. 24.9 -4.4 0 .34 -.2i 0 
I I 

THRUST AT ISP = CONSTANT j +1%: -1.423 -.728 4.6 1,185. -1,485. -1,484. 1 ,206.  -8.  -9.91t 33.25 - .15 
f I 

FLOW RATE +1% i -1.395 -.407 -33.1 -784. -2,553. -2,593. -748. -14. -38.37 4.12 -.34 
I 
I I 
I 

THRUST MLSPAIGNMENT ; 1 deg*i 0 .011 - .4 -33. -46. -82. -32. -4,509.  - .49 - .3? -95.94 
I I 
I I 

MIXTURX R4TIO I +I% f .379 .068 21.5 458. 954. 971. 447. 5 .  20.95 5.7C .13 
I 
I I 
I 

DRAG COEFFICIENT I +1% j 0 .018 -1.4 -97. -56. -58. -96. 0 - .94 - 1 . 3 1  0 
I 

-'rApplled Normal t o  F l i g h t  P lane  



Table 18 

PERFORMANCE PARTIALS APPLICLV~L~, AT S-IV STAGE GUIDANCE CUTOFF SIGNAL AND ORBITAL INSERTION 

Path Propellant Velocity Cross- crossrang2 
DEPENDENT Time Angle Altitude Range Reserve Exceeding Integrated Inertial Accelerations range Velocity : 

5 (Weight) Circular E . F . )  E.F.) : : ----------- i -------- 1 ------- 1 - - - - - - - -  i ..--..-..-, 
VARIABLE Units-jsec deg m m Ib s m/sec m/sec m/sec m/sec m m/sec 

I . c . j units ; . 
a 1 : 100 lbs wt j I B NON-PROPELLANT MASS , .047 .OOO -1. -78. -10. 0.0 .07 .58 0.0 3. .O1 ; 
a I 

I I 
I 

.04 -2.39 

-811. -1.52 

-.I4 -1.56 -422. -.72 , 
but I I 
l y i l  I :,; THRUST MISALIGNMENT I 1 deg+c - .015 - .002 -58. 120. 3. -.05 .12 .17 0.0 -350. .20 ; 

I 
I H I  I I 
8 8 s  I 
:m; MIXTURE RATIO I +1% j -1.060 0.0 -53. -4,314. -14. - .03 - .85 -3.86 0 . 0 -177. -.34 f 

I I 
- 

*Applied Normal to Flight Plane 
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